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13. AUSTRACT

Four sets of eight objectively produced map types were generated for use
in estimating the probability of four six-hourly precipitation categories ob-
served at Travts AFB, California. Daily precipitation probability forecasts
were prepared for 585 winter days using ten different procedures. All four
sets of map types yield six-hour precipitation forecasts that are better than
unconditional climatology, but none of them yield as much information as cli-
matology conditioned on past six-hourly precipitation. Climatology conditioned
on both past precipitation and map type is the best.
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Abstract

L'our sets of eight objectively produced map types were generated for use in

estimating the probability of four six-hourly precipitation categories observea At

Travis AFB, California. Daily precipitation probability forecasts were prepared

for 585 winter days using ten different proce•dures. All four sets of m',p types

yield six-hour precipitation forecasts that are t'etter than unconditional climatology,

but none of them yield as much information as climatology conditioned on past six-

hourly precipitation. Climatology conditioned on both past precipitation and map

type is the best.
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Climatology as a Function of Map Type

1. INTRODUCTION

A map-pattern classification method that is suitable for use on high-speed

computers was developed by Lund (1963). After a few rather arbitrary decisions,

the method is completely objective. The decisions involve such matters as the size

of the geographical area, location of the observation points, threshold value of the

correlation coefficient, an4 data sample. The method is sufficiently general to per-

mit classifying multiple events whether or not they can be depict d on a map. The

only requirement is that the events be expressed numerically.

In common with other methods, many variations of the procedure are possible.

The purpose of this paper is to vxplore some of these variations. Other variations

have already been examined by Godske (1965), Bjorem (1966), Augulis (1989),

Hartranft, Restivo and Sabin (1970a, 1970b) and others.

In this study four variations of the 1963 proc-edure were used to develop sets of
map types for the purpose of determining the "best" variation. The first variation

closely paralleled the procedure described in the 1963 article; the maps were clas-

sified without regard to the current, or subsequent weather, and a single map was

used as a type. The secoaid variation resembled the first except the map types were

averages of a number of Wimilar maps. The third and fourth variations were the

(Received foi' publication 1 March 1972)
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same as the first and second, respectrely, except the data were stratified accord-
ing to the subsequent weather before the map types were developed. The variations
will be illustrated with an example in the follo% ing sections.

I POBLUIM

The problem was to develop a forecast aid to estimate the probability of four

categories of future six-hourly precipitation amount at Travis Air Force Base,
California, in winter. It was assumed that either en 0400 LST synoptic chart, or an

accurate prognostic chart valid at 0400 LST, of the .000-mb surface would be avail-
able for use in p.,eparing the probability estimates of subsequent precipitation cat-
egories.

3. PREDICTAND

The daily total amount of precipitation observed Juring the 8ix-hour period

between 0400 LST and 1000 LST was divided into the four -',-ugories shown in
Table 1. (The following abbreviations wiU be used throughout this paper: LT =

less than; LE = less than or equal to; GT = greater than; and GE = greater than or
equal to.) The data sample consisted of 585 days from the mc-ths of December,

January and February between December 1963 and February 1970. Data for 47 of
the 632 possible days were not used because 1000-mb data were not available.

Table 1. The Four Precipitation Categories and the 1000 LST
Relative Frequency of Occurrence (Estimate of the Probability)
of Each

Category Precipitation (P) Frequency (Cases)

A P = 0.00 67.9% (397)

B P = Trace 13.2% (77)
C PGE 0.01 LE 0.10 11.1% (65)
D P GT 0.10 7.9% (46)

4. CONDITIONAL CLIMATOLOGY

Table 2 shows the relative frequency of occurrence (estimate of the probability)
of each six-hourly precipitation category reported at 1000 I ST as a function of the
category reported a. 0400 LST, six hours earlier. All categorieQ tend to recur

much more frequently than expected from the unconditional climawoic,:y.
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Table 2. The Conditional Relative Frequency ,f Occurrence
(Estimate of the Probability) of Each Six-Hi rly PreLipitation
Cate•ory Reported at 1000 [ST as a Functi'n of the Category
Reported at 0400 LST, Six Hours Earlier. The unconditional
relative frequencies (from Tiable 1) are shown in parenthesis

Sample
Category At Subsequent Hour V 000 LST) Size

Category A B C D (N)
at A 85(68) 9 4 2 421

Initial B 34 43(13) 17' 6 53
Hour C 26 19 3uU1) 26 70

(0400 LST) D 7 7 V 44(8) 41

rSample Size (N) 397 77 46 585

5. PREDICTOR DATA

The U400 LSI geopotential height of

the 1000-mb surface was available for

each of the 13 grid-points shown in Fig-

ure I for 1,x 585 days. These data were

used in developing the map types. q4

6. MAP-PATTERN CLASSIFICATION

The four variations of the map-pattern

classification procedure discussed in the

introduction were used to develop sts of

map types to determine the "best" a.d for Figure 1. Location of Grid Points.
The asterisk mar' , he location of

eetimating subsequent precipitation :ate- Travis AFB, California

gories at TravisAFB. These variations are

described in the folloa ing four sub-sections.

6.1 (.enersl T) pes

The 1000-mb geopotentAl height maps were classified without regard to the

current, --ur subseq,:ri.-f weth.r, -ini a i• ngle most representative map was used for

a part;cular tv,, Maj; .-pes',. selected by the following procedure.'
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Step 1. The 1000-mb heights at the 13 grid-points shown in Figure 1 on

each map were correlated with the corresponding heights on the other 584 maps in
the data sample. This yielded 584 correlation coefficients for each map.

Step 2. The map having the largest number of correlation coefficients

GE 0.90 was designated as Type 1.
Step 3. Those maps having a correlation coefficient of GE 0.90 with the

Type I map selected in Step 2 were removed from the sample. Type 1U was then
selected from the remaining maps as in Steps I and 2.

Step 4. The above process was repeated until only a few cases with cor-
rela'ion coefficients GE 0.90 with any one map remained in the sample.

There were 85 maps whose correlation coefficient with the map of 8 February

1969 was GE 0.90. Since this was more than any other map, 8 February 1969 was
selected as Type I. After the 85 maps designated Type I were removed from con-

sideration, there remained 53 maps in the sample whose correlation coefficient

with the map of 4 December 1969 was GE 0.90. The map for this date was selected

as Type I1. The process of removing the appropriate maps and counting the corre-

lation coefficients GE 0.90 was continued until eight types were selected. The map

types are shown in Figure 2, and Table 3 gives the 1000-mb geopotential heights

associated with each type, the date of the map chosen as a type, and the number of

maps highly correlated with that type.

Table 3. The 1000-mb Geopotential Heights (Meters)
Associated With Each of the General Map Types

Grid General Map Type
Point I II In IV V VI VII VIII

372 169 116 123 224 158 112 133 139

415 169 138 139 226 163 149 173 154

4113 176 134 163 '342 146 123 144 160

4J7 183 137 222 286 125 82 113 190

460 131 189 182 210 155 194 183 210

461 139 170 173 232 140 171 169 197

462 151 164 190 253 119 151 147 199

463 153 167 238 284 100 125 112 230

464 168 167 281 312 95 71 91 261

508 72 197 197 202 121 202 159 251

509 67 197 199 230 85 174 135 248

510 78 198 229 253 62 148 108 258

556 46 216 208 183 59 181 118 e.67

Date 8 Feb'69 4 Dec'69 20Feb'70 10Jan'67 29 Dec'64 22 Feb'65 15Jan'69 2 Feb'64

Cases 5
GE 85 53 5 42 39 31 30 22

0.90_I



5

A L
40 H0..

4 C 49

TYPE-L TYPIj-U-.

FE 69 S LT4DýEC6

4 4#

*~ 6 4 '

TYPEII TYPE IV
20 FEB0 TO 1JAN 4?

L4

TYPE VL. TYPE V
29 DEC 64 22 FrEB 685

40t 4

TYPE-=I TYPEXUL
15 JAN 69 2 FEB 64U

Figure 2. General Map Types Selected by the 1963
P-ocedure, Shown in the Order of.Selection



6

6.2 Smooth General Types

The second set of map types were developed by selecting the first map in the
same manner as described above. However, after the first map was selected, all

maps with a correlation coefficient GE 0.90 with the map selected were aversaed

to obtain what was termed a smooth general type. There were 85 map3 highly cor-

related (GE 0.90) with the map of 8 February 1969, Type 1. The 1000--mb heights
at each grid-point on each of these 85 maps were averaged, resulting in (smooth

general) Type 1. (It will be noted that Roman inumerals are used to identify the
"general" map types and Arabic numerals to identify the "smooth general" types.)
The map of average grid-point heights comprising Type 1 was correlated with the
585 other maps, and all maps with coefficients GE 0.90 were classified us Type I

and removed from the data sample. The ntext map with the highest number of cor-
relation coefficients GE 0.90 with the remaining maps was the map of 4 December

1969. It will be noted that this map is the same map selected as Type II, but it
could have been different since the procedure resulting in Type 1 did not eliminate
exactly the came maps as that used to select Type I. All maps highly correlated

with the 4 December 1969 map were averaged to obtain Type 2. The Type 2 cases
were removed from the sample and the process continued until eight "smooth gen-

eral" types were developed. Figure 3 depicts the smooth general map types.

6.3 Stratified "ypep

The map typing procedure followed in developing stratified map types was the

same as described in subsection 8.1 except that, before the procedure was begun,
the maps were divided into four parts based upon the subsequent precipitation.

Part A consisted of all the 0400 LST maps preceding precipitation category A, no
precipitation. Likewise, Parts B, C and D were maps preceding precipitation cate-

gories B, C and D. In an effort to keep the number of types constant for each vari-

ation and to overcome small sample sizes in some cases, only two types were iden-
tified with each of the four precipitation categories. Figure 4 depicts the stratified

map types.

6.4 Smooth Stratified Tyrpe

The procedure followed in developing smooth stratified map types was the same

as descr.oed in subsection 6.2 except the maps were divided into four parts, as
described in subsection 6.3, before the ma.ps were typed. Again, only two smooth

stratified types were identified wi*h eaeh of the four precipitation categories. "rhev

are shown in Figure 5.
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7. FORECASTING PROCEi)URKS

To evaluate the variations in map-pattern classification, forecasts of the prol-

abilities of 0400-1000 LST precipitation amounts at Travis APFB were made using

the following ten different procedures:

(1) Forecasts of precipitation category probabilities were made based on

straight climatology. That is, the estimated probabilities of categories A, B, C

and D given in Table 1 were forecast for every day in the study.
(2) Forecasts were made based on conditional climatology. That is, depending

on the precipitation category at 0400 LST on a particular day, the appropriate esti-

mated probabilities of categories A, B, C and D given in Table 2 were used.

(3) Each of the 585 sets of grid-point geopotential heights (maps) were corre-

lated with the corresponding heights, given in Table 3, associated with each of the

general map types. Each map (with the exception of 58 maps not correlated by a

value GE 0.70 with any of the types) was assigned to the type with which it was most

highly correlated. The relative frequencies of subsequent precipitation categories

A, B, C and D associated with map types I through VIII were determined from the

585 day sample. They are shown in Table 4. Probability forecasts were prepared

for each day with the probabilities governed by the 0400 LST general map type. For

example, when Type I was observed at 0400 LST the following percent probabilities

of subsequent precipitation categories A, B, C and D were predicted: 40, 16, 24 and

20 respectively.

Table 4. The Relative Frequency of Occurrence (Estimate of the Probability)
of Each 1000 LST Precipitation Category as a Function of the 0400 LST Gen-
eral Map Type

General
Map Type Precipitation Category at 1000 /L.ST Sample

at 0400 LST A(0.00) B(Trace) C(LE 0.10) D(GT 0.10) Size

I 40 16 24 20 112

II 96 3 1 0 70
III 84 13 4 0 79
IV 72 22 6 0 67
V 24 17 20 29 58

VI 82 14 4 0 51

VII 71 20 8 2 51

VIII 92 5 0 3 39

K* 74 5 12 9 58

*Map type K consists of all maps with a correlation coefficient LT 0.70 with

all of the other types.



(4) Forecasts were made based on a precipitation climatology related to

smooth general Types (1-8) as in (3) above.

(5) IF'orecasts were made based on a precipitation climatology related to strat-

ified Types (At - D)2) as in (3) above.

(6) Forecasts were made based on a precipitation climatology related to
smooth stratified Types (at - 62) as In (3) above.

(7) Iorecasts were made based on a precipitation climatology related to both

the precipitation category reported and the general Type (I- VIII) in existence at
0400 LST. That is, the relative frequencies (estimated probabilities) of •ubsequent
precipitation categories A, 13, C and 13 associated with 0400 LST precipitation cate-
gories A, 13, C and 1) and Map Types I through VIII were determined and used as the
forecast. Table 5 shows the relative frequencies determined from the 585 day
sample. Line I shows, for example, that following the 61 days when the six-hourly
precipitation reported at 0400 LST was 0.00 and the 0400 LST map type was I, sub-
sequent precipitation categories A, B, C and D occurred 61, 18, 18 and 3 percent of
the time, respectively.

(8) Forecasts were made based on a precipitation climatology related to both
the existing precipitation category and smooth general type as in (7) above.

(9) Forecasts were made based on a precipitation climatology related to both
the existing precipitation category and stratified type as in (7) above.

(10) Forecasts were made based on a precipitation climatology related to both
the existing precipitation category and smooth stratified type as in (7) above.

Tables 4 and 5 show relative frequencies as functions or general map types.
Similar tables were prepared for the stratified types and the smooth types but they

are not shown.

8. VERIFICATION

Brier'- (1950) "P" score was used to verify the forecasts of probability esti-
mates of six-hourly precipitation categories for the ten different forecast proce-

dures. The "P" score is expressed:

r N
P =-~ _L I -( j EJ

jr1 i=1

where in this case:
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Table 5. The Relative Frequency of Occurrence (Estimate of the Probability) of
Each 1000 LST Precipitation Category as a Function of the Precipitation Reported
at 0400 LST and the 0400 LST General Map Type

Precipi- General Precipitation Category at 1000 LST
tatlon at Map Type P Sample

0400 LST at 0400 LST A(0.00) B(Trace) C(LE 0.10) D(GT 0.10) Size

0.00 I 61 18 18 3 61

"II 98 2 0 0 64
"IlI 90 9 1 0 70

"IV 82 16 2 0 56

"V 47 21 11 21 19

"VI 95 5 0 0 41

"VII 83 14 3 0 29

"VIII 95 3 0 3 37

"K* 95 0 5 0 44

Trace I 33 47 13 7 15

"II 60 20 20 0 5

"III 17 67 17 0 6

"IV 33 50 17 0 6
" V 25 0 25 50 4
" VI 33 67 0 0 6
" VII 40 40 20 0 5
" VIII 50 50 0 0 2
" K* 25 25 50 0 4

LE O.10 I 13 0 37 50 24
"to II 100 0 0 0 1
" III 100 0 0 0 1
" IV 0 60 40 0 5
" V 24 24 29 24 17
" VI 33 0 67 0 3
" VII 62 31 8 0 13
" VIII 0 0 0 0 0
" K* 0 33 33 33 6

GT O.10 I 0 0 42 58 12
" II 0 0 0 0 0
" III 50 0 50 0 2
" IV 0 0 0 0 0
" V 0 11 50 39 18
" VI 0 100 0 0 1
" VII 50 0 25 25 4
" VIII 0 0 0 0 0

"K* 0 0 25 75 4

*Map type K consists of all maps with a correlation coefficient LT 0.70

with all of the other types.
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N = the number of forecasts made using a particular procedure = 585
r = the number of precipitation categories = 4

fij = probability of precipitation category j forecast on the Ith forecast
Eij = 1 if the 1000 LST precipitation was in category j and 0 if not.

Table 6 gives the "P" scores for the ten forecast procedures.

Table 6. "P" Scores Resulting From Applying Each of Ten Fore-
cast Procedures

Set Forecast Procedure "P" Score

1. Climatology 0.504

2. Conditional climatology 0.385

3. General types 0.426
4. Smooth general types 0.425
5. Stratified types 0.411

6. Smooth stratified types 0.411

7. Initial plus general 0.330
8. Initial plus smooth general 0.326

9. Initial plus stratified 0.317
S10. Initial plus smooth stratified 0.323

The best (lowest) score is achieved when both the initial (0400 LST) precipita-
tion and stratified map type is considered. The best single predictor is the initial
precipitation category; that is, conditional climatology with a score of 0.385. If the

initial condition is not known, the stratified types and the smooth stratified types
yield the best score.

9. REMARKS

Although there is evidence that probability estimates based on map types gen-
erated after the data are stratified, according to subsequent weather category are
better; that is, result in lower "ip" scores than estimates based on unstratified

types prepared for general usage, the statistical significance of the difference In the
"P" scores cannot be determined without testing on a large sample of independent

data. Since we were unable to obtain a large sample of independent data, we cannot
say with any large degree of certainty that stratification is Important. Since strati-

fying reduces the sizes of the sub-samples, a long record of past weather is needed
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to provide sufficient predictor and predictand data to generate map types and ob-
tain reliable probability estimates.

Since general map types are generated without regard to subsequent weather
category, independent sample testing is less critical. The relative frequencies

given in Table 4 are substantial departures from the unconditional relative fre-

quencies given in "[able 1. They demonstrate what might be gained in longer range

forecasting if accurate prognostic charts or iooo nib heights were available. The

relative frequencies given in Table 5 and the "initial plus general" score of 0.330
in Table 6 indicate that the addition of map type information to conditional clima-

tology tables significantly improves estimates of the probability of future precipi-
tation categories. However, many of the sample sizes in Table 5 are small, re-
sulting in possible large departures between the estimated probabilities and true

probabilities.

There is no evidence that smoothing, by averaging a number of similar maps,

significantly improves a particular map type.
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